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Abstract 

Background: There are several types of cancer, which cause millions of 
deaths worldwide every year. Many studies have confirmed that plants 
are adequate natural sources to be examined as anti-cancer drugs with 
fewer side effects than chemotherapy and radiotherapy. In this study the 
anti-cancer properties of Lavender aqueous extract on lymphocytes 
derived from patients with Hodgkin's lymphoma has been studied. 
Methods: In order to determine the cytotoxic effects of the extract on 
lymphocytes of patients in stages III and IV of Hodgkin's lymphoma and two 
different cell lines in the presence of different concentrations of aqueous extract 
of Lavender, MTT colorimetric assay and flow cytometry analysis were used. 
Results: Findings indicated that Lavender inhibited cell proliferation in both 
lymphocytes and cell lines with different effects. The effective concentration of 
Lavender that decreased viability of Hodgkin's lymphoma cells below Lethal 
Concentration 50 (LC50) value was 100 M9/ m ' anc ' this was half of the 
therapeutic dose. In addition, apoptosis was the main mechanism the Hodgkin's 
lymphoma cell encountered when exposed to the aqueous extract of Lavender. 
Conclusion: This experiment proposes that aqueous Lavender extract can be 
regarded as a potential anti-cancer agent in future studies. 
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Introduction 

Cancer is the third leading cause of death in the 
world [1-3]. There are many different kinds of 
cancer. Cancer can develop in almost any organ or 
tissue such as lung, colon, breast, skin, bone, or nerve 
tissue [4-7]. Hodgkin's lymphoma is one of the most 
malignant cancers. The annual prevalence of 
Hodgkin's lymphoma is about 1 in 25,000 people 
and the disease accounts for slightly less than 1% of 
all cancers worldwide [8]. Hodgkin's Lymphoma (HL) 
is characterized by a minority of abnormal B 
lymphocyte cells, the Hodgkin and Reed-Sternberg 
cells (HRS cells), and a general inflammatory 
background [9, 1 0]. From ancient times, plants have 
been considered not only as sources of food, but also 
as treatments or remedies for many types of 
diseases. It has been pointed out in many different 



texts that there are unidentified properties in 
different parts of plants that can be used as 
treatments for certain diseases [11-13]. In the mint 
family, for instance, there is a branch which is called 
Lavender (of the genus Lavandula officinalis) which 
has clusters of small purplish flowers and yield soil 
used in perfumery. There are different species of 
Lavenderas part of flowering plants around the 
world which belong to the Lamiaceae family. This 
genus consists of annuals, herbaceous plants, sub- 
shrubs, and small shrubs [14, 15]. Lavender has been 
used in herbal treatments for centuries. In addition, 
Lavender yields highly effective essential oil with 
very sweet overtones which can be used in balms, 
salves, perfume, cosmetics, and topical applications. 
In alternative medicine, Lavender extraction is 
believed to be useful in easing or relieving the 
symptoms of stress, anxiety, exhaustion, irritability, 
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headaches, migraines, insomnia, depression, colds, 
indigestion, flatulence, upset stomach, liver and 
gallbladder problems, nervousness and loss of 
appetite as well as being used as a breath freshener 
and mouthwash [14-21]. Fragrance compounds and 
essential oils, such as Lavender oil (Lavandula 
angustifolia), have a long-standing history as a 
medical remedy [22]. There has been increasing 
interest in perillyl alcohol, a monoterpene found in 
trace amounts in L. angustifolia [23], owing to its 
chemo-preventative and chemotherapeutic 
properties [24, 25]. Many studies have shown the 
ability of chemo-preventive phytochemicals to 
increase the sensitivity of cancer cells to conventional 
anticancer drugs [26]. It has been reported that 
antioxidant properties of Lavender x intermedia are 
owing to the phenolic component such as Rosmarinic 
Acid (RA) of the plant [27]. Currently, Perillyl alcohol, 
a component of the essential oil derived from 
Lavender, is one of the most important metabolites of 
d-limonene. Perillyl alcohol is considered a chemo- 
preventative and chemotherapeutic agent [28]. In 
view of the fact that the antigrowth activity of 
aqueous extract of Lavender angustifolia has not yet 
been evaluated on primary cells, the present study 
focuses on the anti-cytotoxicity properties of this 
aqueous extract on in vitro samples of Hodgkin's 
tumor which were collected from patients in 
comparison with two different cell lines. 

Materials and Methods 

Lavender Extraction and Preparation 

Lavandula angustifolia was provided by the 
herbarium of Shahid Beheshti University of Medical 
Sciences, Tehran, Iran. To prepare the extraction, 
250 gr of Lavender flowers were dried and then 
mixed with 1 000 ml boiling water. In the next step, 
the mixture was stirred for 4 hours in a fully packed 
container. Finally, the mixture was filtered and 
concentrated byvaporizing. The plant specimen was 
determined by the Pharmaceutics Faculty of the 
University, where voucher specimens (1092) are 
kept. 

Samples Collection 

Pelvic bone marrow samples were aspirated from 
patients in stage III and IV of Hodgkin's lymphoma, 
the majority of which was provided for diagnostic 
tests by the BMT Laboratory in Taleghani Hospital, 
Tehran. 2.5 ml of the samples were prepared for 
isolating the lymphocytes by Ficoll method. 

Samples were kept in heparin tubes 
(anticoagulant) and diluted with a ratio of 1 to 2 
sterile Phosphate Buffered Saline (PBS), followed by 



Ficoll with a ratio of 1 to 2 and with density gradient 
method Peripheral Blood Mononuclear Cells (PBMC). 
Cells were removed from the buffy coat and then 
transferred to a 1 5-cc tube and the same volume of 
sterile PBS was added and centrifuged at 4°C and 
1400 rpm for 10 minutes. The supernatant was then 
discarded and pellet was maintained. Finally, pellet 
was suspended in 0.5 cc RPMN640 and then another 
5-6 cc of RPMI1640 with FBS was added. 

Cell Culture 

SW742 and MKN45 carcinoma cells and 
lymphocytes of Hodgkin's lymphoma patients were 
cultured in RPMI 1640 supplemented with 10% fetal 
calf serum, 100 U/ml penicillin, and 100 |Jg/ml 
streptomycin. They were incubated at 37°C in a 
humidified CO2 incubator with 5% CO2 and 95% 
air. Cultures were examined regularly. An inverted 
microscope (Celti) was used for comparing the cell 
morphology and pattern of cell spread in the presence of 
and in the absence of the extract. 

Microscopic Study 

An inverted microscope (Celti) was used to compare 
the cell morphology and pattern of cell distribution in 
various dosages of the extract. 

MTT Assay 

Antioxidant Activity of Lavender Aqueous Extract: 

To evaluate the cytotoxic effects of Lavender 
aqueous extract on cell lines and lymphocytes of 
Hodgkin's lymphoma patients, 3-(4, 5-dimethyl-2- 
thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide 
(MTT) colorimetric assay was applied [21]. Etoposide 
phosphate, an anti-cancer (antineoplastic or 
cytotoxic) chemotherapy drug, was used as a control 
sample. Briefly, cells were seeded into 96-well 
culture plates with 10,000 cells in each well with 200 
|Jl medium. The medium was removed 48 hours after 
plating and fresh media containing different 
concentrations of Lavender aqueous extract were 
added. After incubation for one hour, the medium 
was discarded, the cells were washed twice with 
phosphate-buffered saline and 50 |Jg/ml MTT 
solution for 4 hours and formazan crystals dissolved 
by adding 100 |Jg Dimethyl Sulfoxide (DMSO) to 
each well. The absorptions were measured in 
triplicate at 570 nm, with a background correction at 
630 nm, using a microplate reader. 

A solution without Lavender aqueous extract was 
used as a blank (control). All the tests were 
repeated three times. The inhibition percentage was 
calculated as following: 

Inhibition %= [(A0-A1)/ AO] x 100 
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Where AO is the test sample or aqueous extract 
Optical Density (OD), and Al is the absorption of the 
blank (OD) at 570 nm. 



Flow cytometry Analysis 

For flow cytometry purposes, cell lines and 
lymphocytes of Hodgkin's lymphoma samples were 
cultured in 6-well plates at a density of 1 xlO-cells both in 
the presence and in the absence of the cytotoxic agents 
for 48 hours. All suspended and adherent cells were 
harvested and centrifuged at 200 Xg for 1 0 minutes. Cell 
pellet was washed with 1 X phosphate buffer saline 
solution and centrifuged at 200 Xg for 1 0 minutes. The 
cell pellet was then re-suspended in 1 00 pi of Annexin 

Results 

Microscopic evaluations were used to determine morphological changes in Hodgkin's lymphoma cells 
(Figures 1 and 2). 

A: This figure shows the modus of lymphocyte division. B: Lymphocytes are seen cumulatively abnormal 
while dividing (original magnification, X200). 



A B 




Figure 1 . It shows two images of Hodgkin's lymphoma cell morphology (original magnification, x200). 
Reed -Sternberg cells, which are specific to Hodgkin's Lymphoma disease [29], are clearly seen with 
two or three nuclei and are larger than normal lymphocyte cells. 




Figure 2. Hodgkin's lymphocyte cell division characterization is shown. 



V/FLUOS labeling solution (predilute 20 pi Annexin 
V/FLUOS labeling reagent in 1 mL incubation buffer and 
added 20 (0.L propidium iodide solution), and incubated 
at 15-25°C for 10-15 minutes. The samples were 
assayed by flow cytometer (USA) using 488nm excitation 
and a 515 nm band pass filter for fluorescein detection 
and a filter > 600 nm for propidium iodide detection. 
Analyses were carried out by Cell Quest software 
supplied with the device. 

Statistical Analysis 

Results are reported as mean + SD. Mean difference 
among groups was calculated by one-way and two-way 
variance analyses and p < 0.001 was considered 
statistically significant 
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Viability determination of different cell lines (SW742, MKN45 and Hodgkin's lymphoma patient's 
sample) in the presence of various dosages of Lavender extract after 48 hours have been 
investigated by MTT assay (Figures 3, 4 and 5). 
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Figure 3. It shows the effect of various concentrations of filtered aqueous Lavender extract on colon 
cancer cell line (SW742) (P Value< 0.001 ). Non-filtered extract shows similar effects (data not 
shown). 




Figure 4. It shows the effect of various concentrations of filtered aqueous Lavender extract on 
gastric cancer cell line (MKN45) (P Value< 0.001 ). Non-filtered extract shows similar effects (data 
not shown) [30]. 
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Figure 5. The effect of various dosages (1 , 2, 3, 5, 10, 15, 20, 30, 50, and 1 00) |Jg/ml of filtered 
and non-filtered aqueous extract of Lavender on Hodgkin's lymphoma cells after 48 hours is shown (P 
Value< 0.001). 



Flow cytometry assay was to determine the 
cell death mechanism. Four populations of cells 
are resolved and are shown in Figure 6. Living 
cells or Annexin- V/FLUOS (-) /PI (-) (LL) are 
seen in the lower left quadrant. Cells that are 
Annexin V/FLUOS (+)/PI (-) (LR) are apoptotic 
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(lower right). The cell population with Annexin 
V/FLUOS (+)/PI (+) (UR) has been described as 
necrotic or advanced apoptotic (upper right) 
and Annexin V/FLUOS (-)/PI (+) (UL) may be 
bare nuclei cells in late necrosis, or cellular 
debris (upper left) (Figure 6). 
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Figure 6. A Flow cytometry scheme in evaluation of: (A and B) cell samples (the cells in the presence 
of 50 (B) and 100 (A) |Jg/ml concentration of filtered extraction), after incubation for 48 hours. 
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Discussion 

Hodgkin's lymphoma is one of the main life- 
threatening disorders throughout the world [8]. Since 
herbal remedies have been shown promising in 
cancer studies [31], Lavender extract was used to 
determine the possible cytotoxic effects on Hodgkin's 
lymphoma. Microscopic studies are widely used for 
cell morphology assessment [32]. In this study, the 
microscopic technique was used for the evaluation of 
Hodgkin's lymphoma cell characterization and 
morphology (Figures 1 and 2). As shown in Figures 1 
and 2, Hodgkin's lymphoma cells contain two or more 
nuclei and exhibit abnormal cell growth and cell 
division. Reed-Sternberg cells are abnormal cells that 
are typical in Hodgkin's disease; they exist in the 
cultured cells of the patients. This evidence indicates 
that the samples correspond to the diagnostic process 
referring to Hodgkin's lymphoma. As depicted in 
Figure 2, accumulative cells refer to Hodgkin's 
lymphoma, providing a real cell line of this disease 
which can be analyzed by the present study. A 
viability test is used for determining cytotoxic effects 
of the treatment on cells [33]. Since some studies 
suggest that a 200 |Jg/ml of this extract can be 
effective as an Alzheimer's disease preventive 
remedy[34], evaluating other potential properties of 
the Lavender aqueous extract is essential; therefore, 
in this assessment a range of 30 to 100 |Jg/ml of the 
extract was applied and tested on two different 
sources including: first, two cancerous cell lines 
(MKN45 and SW742) and the second, a Hodgkin's 
lymphoma cell line derived from the patients' blood 
samples. Figures 3 and 4 show the viability of the 
two cell lines MKN45 and SW742 in the presence of 
various concentrations of Lavender aqueous extract. 
The findings indicate that the SW742 cell line is 
sensitive to extract, so the viability in the presence of 
a 30 |Jg/ml concentration of the extract and also 
higher concentrations is strongly inhibited in a steady 
trend. In all the applied dosages of the extract on 
the SW742 cell line viability were shown equally, the 
applied range of extract treatment in the MKN45 
cell line viability test was altered to a lower degree. 
The viability study as illustrated in Figure 4 for 
MKN45 cell line shows that the anti-cell proliferation 
properties of the extract began at a 1 |Jg/ml dose. 
It should be mentioned that these findings (data in 
Figure 4) had been reported in a previously 
published study by our group [30]. The cells from 
different sources have different growth and death 
rates when exposed to the extract. Comparing 
Figures 3 and 4 clearly indicates that very low 
dosages relative to the therapeutic dosage of 
extract [34] show potent anticancer properties; 



therefore, aqueous Lavender extract can be 
considered as an effective antitumor drug. 

The in vitro study is precursor for further 
investigations of patients' cell lines. It was expected 
that the primary cell line study would confirm the in 
vitro assessment. In many cases, however, these two 
processes exhibited dissimilar results [35]. Here, the 
derived lymphoid cell line from Hodgkin's patients 
was a candidate for treatment by the extract (Figure 
5). The data in Figure 5 clearly shows that cell 
resistance to the extract is remarkable at high 
dosage; in fact, only 100 |Jg/ml inhibits cell survival 
effectively. There are two interpretations for this 
occurrence; firstly, the patient-derived cells are more 
complex and contain a compensative mechanism for 
response to cytotoxic effects of Lavender. Secondly, 
this cell line is primarily comparable to SW742 and 
MKN45 cell lines; more passages in this cell line 
influence its ability and behavior. On the other hand, 
the effective concentration of Lavender that 
decreases viability below LC50 value is 100|Jg/ml, 
and this dosage is half the therapeutic dose. Filtered 
and non-filtered forms of extract were applied in the 
present study as long as filtration could help to 
stimulate the dimension of the effective factors of 
extract. As is shown in Figure 5, however, their results 
in effective dosages were comparable. It can be 
concluded that effectual agent of the extract passes 
through the filter. Therefore, the use of filtered forms 
of extract did little to influence its efficacy. 

Flow cytometry is the technique used to study the 
mechanism of cell death during exposure to chemical 
agents [36]. In this study flow cytometry was applied 
to confirm MTT assay results, and also for appraising 
the cell death mechanism in Hodgkin's lymphoma 
samples being treated with aqueous extract of 
Lavender. The dosages of 100|Jg/mland 50|Jg/ml 
(as a lower dosage) of non-filtered extract were 
chosen for flow cytometry purposes. Harvested cells 
were incubated with the extract for 48 hours and 
then stained with Annexin V/FLUOS (FL-I) and 
propidium iodide (PI, FL-2), and finally analyzed by 
the flow cytometry method (Figure 6). According to 
Figure 6 it can be inferred that survival rate in 
concentration of 100 |Jg/ml is lower than that in 50 
|Jg/ml, which verifies previous results obtained from 
MTT assays. On the other hand, a major portion of 
the cells that are Annexin V/FLOUS (+)/PI (-) [LR] 
are to be found in the lower right part of Figure 6. 
The calculated percentages of apoptotic and necrotic 
cells following treatment of Hodgkin's lymphoma cells 
with non-filtered extract indicate that most of the 
cells underwent apoptosis. In the presence of the 50 
|Jg/ml dosage of extract, apoptosis is the main 
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mechanism, whereas in 100 |Jg/ml of the 
concentration, 3.14% of the cell death population is 
related to a late apoptosis mechanism. In summary, 
flow cytometry findings reveal that apoptosis is the 
main mechanism by which the aqueous extract of 
Lavender brings about Hodgkin's lymphoma cell 
death. 

Conclusion 

It can be concluded that Lavender aqueous 
extract (Lavandula angustifolia) can be a potential 
candidate for more investigations in the field of 
cancer treatment. Thus, in vivo studies are vital in 
order to identify and confirm the exact cytotoxic 
effect of this extract. Moreover, identifying the 
effective agent of this extract is necessary for 
achieving the most successful results. 
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